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ACTIVITIES LAST 

During t h e  last 

SIXTH TECHNICAL PROGMSS R!P@RT 
For t h e  Per iod  Ju ly ,  August, September 1966 

DEVELOPMENT OF TECHNOLOGICAL CONCEPTS LEADING 
TO THE BENEFICIAL USE OF LUNAR MAMA PRODUCTS 

Contract  NAS 7-358 

N67 13114 P r i n c i p a l  I n v e s t i g a t o r ,  E. Aznion, Ph.D. 

- -  
QUARTER 

q u a r t e r  w e  concent ra ted  o u r  e f f o r t s  on t h e  ana lyses  of n a t u r a l  
s e r p e n t i n e  and s y n t h e t i c  olivine, t r y i n g  t o  f i n d  a comparison wi th  n a t u r a l  
dun i t e .  
phase t ransformat ions  of s e r p e n t i n e  and o l i v i n e .  
of de te rmina t ions  t o  d a t e  t o  596 at a rate of 1.64 experiments p e r  working 
day (based on 22 working days p e r  month and no vaca t ions ) .  
t h e  prev ious  r e p o r t ,  t h e s e  numbers r e f l e c t  t h e  c o s t  e f f i c i e n c y  of  performing 
t h e  experiments  but  have no bear ing on t h e  ana lyses  of  t h e  r e s u l t s ,  
t i o n ,  s e v e r a l  experiments were conducted as a t r ia l  a p p l i c a t i o n  of  t h e  d a t a  
ga ined  i n  t h e  above s tudy  to  c a s t i n g  and forming of  b a s i c  rocks.  

We have made a t o t a l  of 108 new de termina t ions  of t h e  s o l i d - l i q u i d  
This  b r ings  t h e  t o t a l  number 

A s  w e  s t a t e d  i n  

I n  addi-  

NEW DATA 

S e r p e n t i n e  - A s tudy of  s e r p e n t i n e  a t  10 and 35 k i l o b a r s  has  been completed 
and a s tudy  at  45 k i l o b a r s  i s  almost complete. 

A n t i g o r i t e ,  which is t h e  major c o n s t i t u e n t  o f  t h e  se rpen t ine ,  p e r s i s t s  a t  
tempera tures  up t o  65OoC even a t  45 k i l o b a r s .  
i t  seems t o  p e r s i s t  a t  temperatures  50 t o  75OC higher  than t h a t .  

A t  lower p re s su res ,  however, 

A t  t h e  h ighe r  temperatures ,  o l i v i n e  ( f o r s t e r i t e )  i s  dominant and pyroxene 
( e n s t a t i t e )  i s  abundant. The upper temperature  l i m i t s  f o r  t h i s  zone rise 
from 8OO0C a t  LO kb t o  9OOOC at 35 kb t o  l l O O ° C  a t  45 kb. 

A t  s t i l l  h ighe r  tempera tures ,  pyroxene i s  dominant. O l iv ine  i s  abundant up 
t o  at  least 35 kb, bu t  between 35 and 45 kb i t  d isappears  completely and 
pyroxene i s  t h e  only  c r y s t a l l i n e  component i n  t h e  zone. 

Abovg t h i s ,  a 100% g l a s s  zone persists. 
1350 C a t  10 kb rises t o  1 4 5 O O C  a t  35 kb and t o  1475 C a t  45 kb. ' 

The Liquidug curve which i s  at 

A s  a matter o f  record i t  i s  important t o  n o t e  two contaminants.. One, boron 
p h l o g o p i t e  i n  t h e  region of approximately 600-900 C noted a t  p re s su res  of 
10 and 35 kb but  no t  at 45 kb; t w o ,  boron magnesium oxide  noted a t  145OoC 
a t  35 kb. 

0 

The s i g n i f i c a n c e  of t h e  above da ta :  



It i s  obvious from a quick examination of  t h e  d a t a  t h a t  t h e  temperature  depen- 
dence of  t h e  d e - s e r p e n t i n i z a t i o n  (dehydrat ion of  t h e  s e r p e n t i n e )  i s  f a r  g r e a t e r  
than t h e  p re s su re  dependence. Should s e r p e n t i n e  be found on t h e  moon, then a 
water e x t r a c t i n g  process  would probably be c a r r i e d  through temperature  mani- 
p u l a t i o n  rather than  p r e s s u r e  manipulation. 

Another very  important  s i g n i f i c a n c e  i s  t h a t  t h e  zones of  s t a b i l i t y  of  o l i v i n e  
vs .  pyroxene measured i n  terms of  p re s su re  and temperature can be expressed 
a l s o  i n  terms of depth  vs.  temperature  i n  models of t h e  moon and t h e  e a r t h .  

O l iv ine  - For comparison with t h e  n a t u r a l  dun i t e ,  a r t i f i c i a l  o l i v i n e s  ( f a y a l i t e )  
were hydrothermally synthes ized  from mixtures  of a - c r i s t o b a l i t e  ( q u a r t z )  and 
n a t i v e  pure i r o n  prepared i n  s t o i c h i o m e t r i c  propor t ions  of t h e  mineral .  Melting 
was d e t e c t e d  i n  a series of  h igh  p res su re  runs by not ing a conspicuous d i f f e r -  
ence i n  t e x t u r e  between runs which had r e c r y s t a l l i z e d  from l i q u i d  during 
quenching and those  which had r e c r y s t a l l i z e d  below t h e  melt ing p o i n t s  (see 
f i g u r e ) .  

PLANNED ACTIVITIES FOR NEXT QUARTER 

We w i l l  con t inue  t h e  examination of s e r p e n t i n e  and o l i v i n e  and begin t o  i n t e -  
g r a t e  t h e  r e s u l t s  i n t o  a p l a n e t a r y  model ( f o r  c o r r e l a t i o n  o f  l abora to ry  d a t a  
wi th  natural-environment  d a t a ) .  We w i l l  beg in  t o  determine pe t rog raph ic  
p r o p e r t i e s  o f  cast and formed geometric shapes (made of b a s i c  rocks)  and 
p o s t u l a t e  p o s s i b l e  u t i l i t i e s .  

E. Azmon, Ph.D. 
P r i n c  i p a  1 Inves t  i g  a t o  r 

J by--- W. Moyer, D i r e c t o r  
P y s i c a l  Sc iences  P 
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